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Background: Zn/h-MnO2 Batteries

--hMnO2  has been investigated as a cathode materials for Zn-ion batteries

Despite promising electrochemistry, the underlying charge storage mechanism remains unclear

Zn-Insertion Reaction: Reversible 

formation of layered structure, 

ZnMn3O7·3H2O with large inter-planar 

spacing upon discharge
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Chemical Conversion Reaction: 

Insertion of H+ and formation of MnOOH

and Zn4SO4(OH)6. Return of Ŭ-MnO2 and 

dissolution of Zn4SO4(OH)6 on charge. No 

indication of Zn-insertion

H+ and Zn2+ Co-insertion/Conversion: 
Insertion of H+ and Zn2+. Reversible 

formation of Zn4SO4(OH)6. Zn2+

intercalation forming spinel ZnMn2O4.
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½ƴκʰ-MnO2 Electrochemistry 
and Crystallographic Structure After Cycling 
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Phase composition of pristine and 

(dis)charge products determined 

by Rietveld Refinement.

Pristine - KŬ-MnO2 (100%)  

Cycle 1 DischargeïKŬ-MnO2 (64%) and 

Zn4SO4(OH)6·3H2O (36%)

Cycle 1 Charge - KŬ-MnO2 (100%)

Cycle 5 Discharge - KŬ-MnO2 (42%) and 

Zn4SO4(OH)6·5H2O (58%)

Cycle 5 Charge ïBroken-tunneled KŬ-

MnO2 (78%) and Layered Chalcophanite 
Structure, ZnMn3O7·3H2O (22%)
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Scanning Transmission Electron Microscopy (TEM) After Cycling

ZHS formation on discharge & cryptomelane/Chalcophanite co-existence upon charge
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Cycle 1 Discharge Cycle 1 Charge
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Broken Tunnel Ŭ-MnO2
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Ex-situ XAS Determined Chemical and Local Atomic Structure

Sample Mnn+

(LCF)

Expected specific 

capacity (LCF) (mAh/g)

Actual specific 

capacity (mAh/g)

Pristine 3.880 N/A N/A

1st discharge 3.603 81 300

1st charge 3.741 40 227

5th discharge 3.468 N/A 211

5th charge 3.672 60 200

D. Wu, L.M. Housel, S-J. Kim, N. Sadique, C.D. Quilty, L. Wu, R. Tappero, S.L. Nicholas, S. Ehrlich, Y. Zhu, A.C. Marschilok, E.S. Takeuchi, D.C. Bock, K.J.
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Mnn+ change between charge and discharge transfersdoes not fully 
account for delivered capacity

Mn-Mncorner interactions reduce over cycles, indicating breakage of 

tunnels

Cycle 5 charged sample fit to broken-tunnel Ŭ-MnO2 and 

Chalcophanite, ZnM3O7·3H2O



Quantifying Mnn+ via Spatio-Temporally Resolved 
X-ray Fluorescence (XRF) Mapping

Operando cell was developed to visualize and quantify Mnn+ location during cycling

Operando cells exhibit comparable Galvanostatic cycling behavior with coin cells

Mn K-edge florescence maps collected repeatedly during cycling

Beamline 4-BM, X-ray Fluorescence Microprobe (XFM) at NSLS-II
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OperandoXRF Mapping During Intermittent Discharge

Mn dissolution is an 

electrochemically driven process
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Zn/h -MnO2 operandocell discharged in 15 
minute steps, each followed by an open circuit 
potential rest

Mn fluorescence maps, collected every 2 
minutes

Increase in Mn fluorescence intensity observed 
in the electrolyte after each current discharge 
increment


